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Abstract 
 

The title compound, C24H24N4O3S crystallizes in the 
monoclinic space group P21/n with unit cell parameters a = 
12.6304(10), b = 7.5262(5), c = 24.5372(17)Å, β=95.554(7), 
Z=4. The supramolecular assembly in the title compound is 
built up by a network of strong N-H…O intermolecular 
interactions [viz N3-H3…O3 and N4-H4…O3] where oxygen 
atom (O3) act as a acceptor to both the hydrogen bonds 
forming motif R2

1(6). Besides these interactions, the 
molecular    structure is further consolidated by the existence 
of two intramolecular hydrogen bonding [N2-H2…S1 & N2-
H2…N1] in which N2 acts as donar via H2 to both S1 and N1 
in an almost planar three-centred system, forming 2S(5) 
motifs (Figure 2).  
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Introduction 
 
Hydrogen bonding plays a key role in molecular recognition and crystal engineering.  In the present work, we report 
the existence of bifurcated and three-centre hydrogen bonding.  Such kind of  unusual hydrogen bonds (HBs) are 
useful in explaining a large number of biological structures and are commonly used by biochemists and biologist to 
account for certain interactions in biological systems [1]. They can also be utilized for the design of the 
supramolecular architectures, as reviewed in related structures [2,3].  
 

The title compound belongs to one of the many Strobilurins class of derivatives which are used as  broad 
spectrum fungicides [4]. They possess a site-specific mode of action and exhibit higher efficiency than previously 
reported fungicides [5-8] against   diseases affecting the economically important agricultural crops [9-11]. Such types 
of compounds can be easily metabolized in nature as well as in living systems and that is what makes their 
modifications of   immense importance [9].  

 

Experimental 
 

Synthetic Procedure 

 
(2E)-2-(methoxyimino)-2-{2-[(2-methylphenoxy)methyl]phenyl}ethanehydrazide (0.313mol) was refluxed with 
phenyl isothiocyanate (0.135 mol) in presence of absolute ethanol at about 8 hours to get white colored product. The  
synthesized compound [2-[(2E)-2-(methoxyimino)-2-{2-[(2-methoxyphenoxy) methy] phenyl }acetyl]-N-phenyl-
hydrazinecarbothioamide] is further dissolved in methanol and by the process of slow evaporation, white colored 
crystals were obtained. 
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X-Ray Intensity Data Collection 

 
X-ray intensity data of the crystal (0.30 X 0.20 X 0.10 mm) having well-defined crystal morphology were collected at 
293(2)K on X’calibur CCD area-detector diffractometer equipped with graphite monochromated MoKα radiation 
( =0.71073Å). The intensities were measured by employing  scan mode for the diffraction angle ranging from 3.64 
to 26.00o. A total number of 8228 reflections were measured of which 4545 were found to be unique. The criterion (I 
> 2σ(I)) was employed to the unique data set and  hence 2822 reflections were treated as observed. Data were 
corrected for Lorentz and Polarization factors. The structure was solved by direct methods using SHELXS97 [12]. All 
non-hydrogen atoms of the molecule were located in the best E-map and Full-matrix least-squares refinement was 
carried out using SHELXL97 [12]. All the hydrogen atoms were geometrically fixed and allowed to ride on the 
corresponding non-H atoms. The final refinement cycles converged to R = 0.0548 and wR(F2) = 0.1161 for  2822  
observed   reflections. Residual electron density ranges from -0.299 to 0.438 eÅ-3. Atomic scattering factors were 
taken from International Tables for X-ray Crystallography (1992, Vol. C, Tables 4.2.6.8 and 6.1.1.4).  
 
The crystallographic data are summarized in Table 1. Some selected bond angles which play an important role in 
collating the structural properties of this molecule with the related structures are presented in   Table 2. An ORTEP 
[13] view of the molecule with atomic labeling is shown in Figure 1. The geometry of the molecule was calculated 
using the PLATON [14] and PARST [15] software. CCDC-1020777 contains the supplementary crystallographic data 
for this paper. 

 
Table 1 Crystal data and other experimental details 

 

System, sp. gr., Z Monoclinic, P21/n, 4 

a, b, c Å 12.6304(10),7.5262(5), 24.5372(17) 
α, β, γ deg 90.000(0), 95.554(7), 90.000(0) 

V, Å3 2321.5(3) 

Dx g.cm−3 1.283 

Radiation, λ, Å MoKα, 0.71073 

µ, mm-1 0.172mm-1 

T, K 293 

Sample size, mm 0.30X0.20X0.10 

Diffractometer Xcalibur, Sapphire3 

Scan mode w 

Absorption correction, Tmin, 
Tmax 

Multi-scan, 
0.61896, 1.00000 

θmax, deg 26.00 

h, k, l ranges h= -9 to 15, k = -8 to 9, l = -28 to 30 

Number of reflections: 
measured/unique (N1), 
Rint/with I > 2σ(I) (N2) 

8228/4545 

Refinement method Full-matrix least-square on F2 

Number of refined parameters 291 

R1/wR2 relative to N1 
R1/wR2 relative to N2 

0.0548 
0.1161 

S 1.062 
∆ρmax/∆ρmin, e/Å3 0.438/-0.304 

Programs SHELXS97[12], SHELXL97[12] 
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Table 2 Selected bond lengths (Å) and bond angles (º) of the non-hydrogen atoms  
(e.s.d.’s are given in parentheses) 

 
S1-C18 1.660(2) N1-O2-C16 110.3(2) 
O3-C17 1.236(2) C18- N3- N2 118.9(2) 
O2-N1 1.382(2) O1-C8-C9 109.1(2) 
O2-C16 1.433(3) C4-C3-O1 115.0(3) 
N3-C18 1.356(3) C17- N2- N3 120.2(2) 

N2-N3 1.377(2) O3-C17-N2 122.8(2) 
N2-C17 1.319(3) N3-N2-C17 120.2(2) 
N1-C15 1.280(3) C15 -N1 -O2 111.4(2) 
O1-C3 1.377(3) O3 -C17 -C15  121.8(2) 

O1-C8 1.417(3) N4 -C18- N3 112.4(2) 

C14-C9 1.398(3) N4 -C18 -S1 126.0(2) 

N4-C19 1.433(3) N3 -C18- S1 121.6(2) 

C13-C12 1.382(3) N1- C15- C17 115.6(2) 

C19-C20 1.368(4) N2 -C17- C15 115.4(2) 

  
 

 
 

Figure 1 Ortep view of the molecules with displacement ellipsoids at the 40% probability level. H atoms are shown 
as small spheres of arbitary radii. Here labells I, II, III indicates Methylphenoxy group, Methoxyimino group and 

Hydrazinecarbothiamide group respectively 

 

Result and Discussion 
 
The molecule comprises of three moieties, viz. Methylphenoxy (I), Methoxyimino (II) and Hydrazinecarbothiamide 
(III). The average distance for the bonds viz. C-O[1.382], S-C[1.660], N-N[1.377], N-C[1.357], N-H[0.86Å],   is in 
agreement with the related structures [16, 17]. The phenyl rings confirm their ideal value (120º) for the endocyclic 
bond angles.  The moiety I and II are essentially perpendicular to each other with dihedral angle 86.50º. The dihedral 
angle between moiety I and III 75.20º and between II and III is 70.72º. The methyl group in moiety II (attached to O2) 
takes up anti-periplanar (trans) orientation with torsion angle C16-O2-N1-C15= 174.2(2)º while S1 atom in the 
hydrazinecarbothiamide moiety is in synperiplanar conformation with respect to atom N2 and C19 [torsion angle 
being S1-C18-N4-C19= -4.4(4) and N2-N3-C18-S1=13.5(3)].   
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The supramolecular assembly is built up by a network of strong N-H…O intramolecular interactions [viz N4-H4…O3 
and N3-H3…O3] where the oxygen atom (O3) acts as an acceptor to both the hydrogen bonds. Thus the bifurcated 
hydrogen bond leads to the formation of a graph set motif R2

1(6) [18]. There also exists  three-centred intramolecular 
hydrogen bond [N2-H2…S1 & N2-H2…N1] in which N2 acts as a donar via H2 to both S1 and N1 in an almost 
planar three-centred system, forming 2S(5) motifs (Figure 2). The structure thus generated by these interactions gives 
rise to molecular sheets which are built through R2

2(10) and R2
2(14) rings moving them in a zig-zag fashion along the 

b-axis forming a supramolecular assembly(Figure 3). Hydrogen bond geometry details are presented in Table 3. 

 
Table 3 Geometry of inter and intra-molecular hydrogen bonds 

 

D-H….A D-H(Å) H…A(Å) D…A(Å) D-H….A (º) 

N2-H2….S1 0.860 2.562 2.915 105.69 
N2-H2….N1 0.860 2.263 2.625 105.31 
N3-H3….O3i 0.860 2.079 2.841 147.28 
N4-H4….O3i 0.860 2.146 2.934 152.08 

  
Symmetry Codes:  i) -x+1,-y-1,-z 

 

 
 

Figure 2 A plot of two molecules showing the formation of graph set motifs by inter and intra-molecular hydrogen 
bonds[N-H…O, N-H…S and N-H…N]  shown by the dashed lines 

 
 

 
Figure 3 Packing of the molecules viewed down the b-axis 
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Conclusions 
 
The compound 2-[(2E)-2-(methoxyimino)-2-{2-[(2-methoxyphenoxy)methy]phenyl}acetyl]-N-phenyl-hydrazine 
carbothioamide has been synthesized by the reaction of (2E)-2-(methoxyimino)-2-{2-[(2-
methylphenoxy)methyl]phenyl}ethanehydrazide with phenyl isothiocyanate in presence of absolute ethanol and 
characterized by single crystal X-ray diffraction with a final R-factor of 0.0548. The crystal structure is stabilized by 
the presence of a bifurcated and three-centred hydrogen bond. The structure as generated by these interactions results 
in the formation of continuous molecular sheets built from R2

2(10) and R2
2(14) rings  along the  ac-plane. 

 

Acknowledgements 
 
One of the authors (Rajni Kant) acknowledges the Department of Science & Technology for sanctioning single crystal 
X-ray diffractometer as a National Facility under Project No. SR/S2/CMP-47/2003. RS acknowledges University 
Grant Commission(UGC) for the award of NET-JRF scholarship under ref. No. 23/12/2012 (ii) EU-V dated 
01.07.2013.  
 

References 

 
[1] Baskar RS, Sethuraman V, Francis S, Hemamalini M, Thomas MP, Bocelli G, Cantoni A, Rychelwska U,  

Warzajtis B, Cryst Eng Comm  2003, 5(15), 70-76. 
[2] Ufuk C, Bahittin K, Selami S, Erbil A, Youngme K, Ahmet E, Acta Crystallogr 2003, C59, o476-o478. 
[3] Debbi C, Christopher G, John NL, Antonio Q, James LW, Acta Crystallogr 2001, C57, 216-221. 
[4] Anke T, Oberwinkler F, Steglich W, Schramm G,  Journal of Antibiotics 1997, 30, 806–810. 
[5] Olaya G, Zheng D, Köller W, Differential responses of germinating Venturia inaequalis conidia to kresoxim-

methyl Pesticide Sci 1998, 54, 230-236. 
[6] Patel, JS,  Gudmestad  NC, Meinhardt S, Adhikari TB, Crop Protection  2012, 34, 37-41. 
[7] Esteve-Turrillas FA, Mercader JV, Agulló  C,  Abad-Somovilla A,  Abad-Fuentes A,  J Chromatogr A 2011, 30, 

4902-4909. 
[8] Mercader JV, Suárez-Pantaleón C,  Agulló C, Abad-Somovilla A, Abad-Fuentes  A, J Agric Food Chem 2008, 

56, 7682–7690. 
[9] Balba H J Environ Sci Health 2007, 42B, 441–451. 
[10] Cash H, Cronan Jr, J M Strobilurin fungicides for aqueous systems. US Patent Appl 2001, WO2001-US9649 

20010323. 
[11] Ammermann E, Lorenz G, Schelberger K, Mueller B, Kirstgen R, Sauter H, Proceedings of the    BCPC 

Conference –Pest and Diseases 2000, 2, 541–548. 
[12] Sheldrick GM, Acta Crystallogr 2008, A64, 112-122.  
[13] Farrugia LJ, J Appl Crystallogr 1999, 32, 837-854. 
[14] Spek AL, Acta Crystallogr Sect 2009, 65D, 148-155. 
[15] Nardelli M, J Appl Crystallogr 1995, 28, 659. 
[16] Li M, Zhong-Feng L, Sheng-Li C, Z Kristallogr  2014,  NCS 229,167-168.  
[17] Arun MI, Sankappa UR, Prakash S, Thomas G, Eric H, Richard B, Acta Crystallogr 2012, E68, o728. 
[18] Bernstein J, Davis RE, Shimoni L, Chang NL, Angew Chem Int Ed Engl 1995, 34, 1555-1573. 
 

Publication History 

Received    18th   Sep 2014 

Revised 27th   Sep 2014 

Accepted 13th   Oct 2014 

Online 30th   Oct 2014 

 

© 2014, by the Authors. The articles published from this journal are distributed to 
the public under “Creative Commons Attribution License ” 
(http://creativecommons.org/licenses/by/3.0/). Therefore, upon proper citation of 
the original work, all the articles can be used without any restriction or can be 
distributed in any medium in any form. 

 


